Diabetes mellitus can lead to reproductive disorders that in turn result in weakened fertility brought about by morphofunctional changes in the testes and accessory sex glands. However, doubts persist concerning the basic biology of the secretory epithelial cells and the stroma of the coagulating gland of diabetic mice. Thus, the objective of the present study was to analyze the histological and ultrastructural changes associated with stereology of the coagulating gland of mice with alloxan-induced diabetes, and of spontaneously diabetic mice. Sixteen mice of the C57BL/6J strain, and eight non-obese diabetic (NOD) mice were used. The animals were divided into three groups: 1) control (C), 2) alloxan diabetic (AD), and 3) NOD. Thirty days after the detection of diabetic status in group 2, all of the animals were killed and then perfused with Karnovsky's solution through the left cardiac ventricle. The coagulating gland was then removed and processed for morphometric study by light microscopy and electron microscopy. The results showed thickening of the stroma, atrophy of secretory epithelial cells, and disorganization of the organelles involved in the secretory process in both NOD and alloxan-induced mice. Thus, it may be concluded that the coagulating gland suffered drastic morphological changes, and consequently impaired glandular function, in the presence of diabetes mellitus type I in both NOD and AD mice. Anat Rec Part A 270A: 129 -136, 2003. 
The coagulating gland is present in guinea pigs, rats, hamsters, mice, and monkeys (Sjöstrand, 1965) . This gland is also known as the anterior prostate or dorsocranial lobe because of its embryonic development from the urogenital sinus and the prostatic complex (Narbaitz, 1974; Cavazos, 1975) . According to Price (1963) , embryologically there is homology between this gland and the middle prostatic lobe in men. In rodents, the coagulating gland is located in the concavity of the seminal vesicle, and produces secretions rich in fructose and proteins, as dorsal I, II, vesiculase and transglutaminase involved in semen coagulation and sperm motility (Cavazos, 1975; Wilson and French, 1980; Aumü ller and Seitz, 1990; Cukierski et al., 1991) and in the formation of the copulatory plug in females (Bradshaw and Wolfe, 1977; Carballada and Esponda, 1992) . Like the prostatic lobes and the seminal vesicle, the coagulating gland is androgen-dependent. The depletion or absence of androgens in serum, as occurs with the use of an anti-androgen agent or after castration, promotes the rapid involution of these accessory sex organs, accompanied by morphofunctional changes (Rennie et al., 1984) . In addition to castration, conditions such as alcoholism (Cagnon et al., 1996 (Cagnon et al., , 2000 , cigarette smoking (Reddy et al., 1998) , and diabetes (Daubresse et al., 1978) are known to alter circulating levels of testosterone and consequently the functioning of accessory sex glands. Among these diseases, childhood diabetes and insulindependent diabetes mellitus (IDDM) (characterized by a severe or complete lack of insulin, and a tendency to develop ketosis (Stefan, 1996) ) are particularly important. It is known that diabetes affects different organ systems, such as the urinary and circulatory systems, as well as the nervous system (Stefan, 1996) . Type 1, or IDDM, occurs in approximately 10% of all diabetic patients in the Western world (Stefan, 1996) . The occurrence of IDDM during adolescence may impair the development of accessory sex organs associated with hormonal activity (Stefan, 1996) . Some studies have suggested that diabetes is correlated with sexual impotence and infertility (Daubresse et al., 1978) , as well as with cancer of the prostate (Will et al., 1999) . Atrophy of the secretory epithelium of the ventral prostate has also been experimentally demonstrated in rodents considered to be diabetic (Cagnon et al., 2000) . Despite the known harmful effects of diabetes on the secretory epithelium of accessory sex glands, doubts persist about the stroma-epithelium interaction, which is an important factor in the diagnosis of diseases that frequently involve these glands, and there is a lack of detailed information about the involvement of organelles participating in the glandular secretory process.
On this basis, the objective of the present study was to assess histologic and ultrastructural factors associated with stereology of the coagulating gland of mice with type I diabetes.
MATERIALS AND METHODS Animals and Tissue Preparation
A total of 24 adult male mice (16 C57BL/6J mice and eight non-obese diabetic (NOD) mice, all 4 months old) were divided into three groups of eight animals each: control (C), alloxan diabetic (AD), and spontaneously diabetic (NOD). The AD group received alloxan as the diabetogenic agent (Sigma Chemical Company, St. Louis, MO) administered in 0.1 M citrate buffer (pH 4.4) as vehicle. Each animal received five intraperitoneal injections at 7-day intervals. The first three doses were 75 mg/kg body weight, and the two remaining doses were 150 mg/kg per animal. The C and NOD groups simultaneously received 0.1 ml 0.1 M citrate buffer (pH 4.4) intraperitoneally. All animals received balanced granulated solid Nuvilab (Nuvital, Colombo, PR, Brazil) chow ad libitum. The diabetic status of the animals was characterized using Multistix 10-SG reagents strips (Bayer, San Andrés, Buenos Aires, Argentina) to determine the approximate variation of glucose (mg/dl) in urine. Two Multistix 10-SG tests were performed each animal before the first alloxan injection for quantitative analysis of glucose as a control standard. Thirty days after the characterization of diabetic status, the animals of the three experimental groups were anesthetized with Francotar and Virbaxil (Vibrac, Roseira, SP, Brazil), 1/1 0.25 ml/0.1 kg, and then killed. The coagulating glands were then removed from four mice in each group and fixed in Bouin's fluid. Tissue samples were embedded in Paraplast Plus (Paraplast, St. Louis, MO) processed for routine light microscopy, and stained with hematoxylin and eosin (H&E). The four remaining mice in each group were perfused (Sprando, 1990 ) with heparinized physiological saline followed by Karnovsky's fixing solution (Karnovsky, 1965) . Samples of the coagulating gland were immediately removed and fixed in 3% glutaraldehyde and 1% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) for a period of 3 hr, and postfixed in 1% osmium tetroxide in the same buffer for 2 hr. The material was then dehydrated in a growing acetone series and embedded in plastic resin (Polyscience, Niles, IL). Sections of 0.5 m were stained with toluidine blue and prepared for light microscopy for the selection of specific areas to be examined by transmission electron microscopy (TEM). Ultrathin sections were obtained with an LKB ultramicrotome and contrasted with uranyl acetate (Watson, 1958) and lead citrate (Reynolds, 1963) . Electron micrographs were obtained with an LEO 906 electron microscope.
Morphometric Procedures
The cellular, cytoplasmic, and nuclear volumes were measured on the sections stained for light microscopy. Cytoplasm and nuclear volumes were measured without knowledge of the treatment being administered at ϫ100 magnification using the point-counting method described by Weibel (1979) . Data for nuclear volume were recorded as the average obtained with 50 measurements per experimental group. Long and short axes were measured, and the mean nuclear volume was calculated considering nuclei as ellipsoids. The Image-pro Express Version 4 software with a 10ϫ objective was used to determine % relative area (stroma ϫ glandular mucosa) ,and the density of the digestive and secretory vacuole areas was determined using current stereology methods and formulae as described by Weibel et al. (1966) . A multipurpose test system with 84 lines and 168 points was applied to 15 electron micrographs (ϫ10,000) per group, and the numerical density of the area was estimated.
Statistical Analysis
The nonparametric Kruskal-Wallis test was used to analyze data concerning cytoplasmic nuclear volume (m 3 ) and nuclear shape, complemented with the multiple-comparisons test of Student-Newman-Keuls, with the level of significance set at 5% in all analyses (Wichern and Johnson, 1992) .
RESULTS

Urine Analysis
The control animals had an average urinary glucose level of 0 mg/dl in 100% of the samples. The animals from the diabetic groups had an average urinary glucose level of 1,250 mg/dl.
Light Microscopy
The coagulating glands of the control mice presented stroma containing smooth muscle, collagen fibers, and blood vessels, arranged around the acini (Fig. 1A) . The glandular mucosa was infolded (Fig. 1A) , with a simple secretory epithelium and tall columnar cells. Eventual basal cells were intermingled with columnar cells. The cell nuclei were elliptical in shape and occupied a central position ( Fig. 1B; Table 1 ). AD and NOD mice showed thickening of the stroma (Figs. 1A and 2A) and spacing between acini, in addition to a slightly infolded glandular mucosa ( Fig. 1C and E) . Inflammatory infiltrate was observed in the stromal region, especially in NOD animals (Fig. 1F, inset) . The cells of the secretory epithelium showed significant atrophy of the cytoplasmic volume and alteration of the nuclear shape, which had become spherical. Nuclear volume was also reduced, but not significantly so ( Fig. 1D and F ; Table 1 ).
TEM
Ultrastructurally, the control group showed tall, columnar epithelial cells resting on a clearly visible and intact basal lamina. Underlying the basal lamina were smooth muscle cells, collagen, and elastic fibers. The nucleus was elliptical in shape, containing condensed chromatin in the peripheral region (Fig. 3A) . In the basal region of the cells there were dilated cisterns of the granular endoplasmic reticulum (GER) containing material of low electron density (Fig. 3B) . In the supranuclear cytoplasm there was a well-developed Golgi complex surrounding secretory vacuoles in various stages of maturation (Figs. 2B and 3C ). There were also occasional digestive vacuoles in the cell cytoplasm (Fig. 2B ). Sparse and small microvilli were also observed on the cell surface (Fig. 3D ). In animals with spontaneous and alloxan-induced diabetes, the major changes (compared to control mice) were hypertrophy of extracellular matrix components (Figs. 4G (inset) and 3A (inset)) and an accumulation of different polymorphic nuclei, characterizing an inflammatory cellular infiltrate (Fig. 4C) . Also, the epithelial cells were markedly atrophied (Fig. 4A) ; their nuclei occupied a large part of the cytoplasm, and showed an irregular shape ( Fig. 4A and B) as well as condensed chromatin (Fig. 4B) . The basal cell cytoplasm showed intensified reduced cisterns of the granular endoplasmic reticulum ( Fig. 4A and G) and the presence of highly electron-dense digestive vacuoles (Figs. 2B and 4A). The Golgi complex presented dilated cisterns (Fig. 4F ) and eventual secretion granules were observed in the apical region (Fig. 2B) . Ruptured microvilli on the cell surface facing the lumen were noted secondarily ( Fig. 4D  and E ). An intensified presence of free ribosomes was observed in the cytoplasm of epithelial cells (Fig. 4D  and F) .
DISCUSSION
In the present study, diabetic status was characterized by high glucose levels in an animal's urine. The occurrence of glycosuria is one of the determining factors in the identification of diabetes type I; it has been demonstrated both in animals submitted to different diabetogenic drugs and in spontaneously diabetic animals (Hunt and Bailey, 1961; Makino et al., 1980; Ader et al., 1998) . Thus, it may be concluded that both the mice submitted to chemical induction with alloxan and the mice with spontaneously generated diabetes (NOD) manifested diabetes in an effective manner, confirming the validity of the experimental model.
The present histological results demonstrated important changes in the coagulation gland of both AD and NOD mice. Particularly important among these changes was stromal tissue hypertrophy with the occurrence of an inflammatory cell infiltrate, in addition to intense volumetric atrophy of secretory epithelial cells, with a predominance of the cytoplasmic portion and nuclear deformity in the coagulation gland. Previous studies on the ventral lobe of the prostate of diabetic rats and mice demonstrated atrophy of the secretory epithelial cells and enlargement of the stromal region (Hunt and Bailey, 1961; Jackson and Hutson, 1984; Cagnon et al., 2000) . Several experiments carried out to analyze accessory sex glands, including the coagulation gland, under androgen deprivation showed a disorganized morphology of the secretory epithelium and the stroma, with an increase in smooth muscle cells and collagen, and elastic fibers in the ventral lobe of the prostate of castrated rats (Aumü ller, 1977; Mariotti et al., 1987; De Carvalho and Line, 1996; Kiess and Gallaher, 1998) . These structural characteristics were found to be correlated with maintenance mechanisms for the integrity of the secretory epithelium (De Carvalho and Line, 1996) . The stroma-epithelium interaction is known to be of fun- damental importance for the homeostasis of accessory sex glands (Grobstein, 1975; Bissell et al., 1982) . Thus, interruption of this equilibrium, such as observed with androgen depletion, leads to physiological, morphological, and biochemical disorders (Okuda et al., 1991) .
Several investigators have associated prostatic carcinoma and benign prostatic hypertrophy (BPH) with androgen deprivation in both men and rodents (Hawkins and Geuze, 1975; Sund et al., 1983; Isaacs and Coffey, 1989) . BPH is characterized by hypertrophy of extracellular matrix components, and atrophy of the effectively secretory compartment, leading to compression of the prostatic urethra and consequently to urine retention (Berry et al., 1984) . Considering the similarity of the structural changes observed in diabetic animals to those observed in castrated animals, as well as the known androgen dependence of the coagulation gland, it may be inferred that the morphological events observed in the stroma could be related to an attempt to maintain the integrity of the epithelium and, consequently, of the secretory process. In addition, the present results suggest that the deleterious effects of diabetes on the coagulation gland may be associated with the onset of diseases in this organ.
Changes in the secretory epithelium of the coagulation glands of diabetic animals were also observed. These changes mainly affected the organelles involved in the secretory process, in addition to cellular and fibrillar elements of the extracellular matrix, confirming the analyses at the light microscopy level. Drastic structural changes in the organelles involved in the secretory process have been reported to occur in the ventral lobe of the prostate of mice with streptozotocin-induced diabetes (Cagnon et al., 2000) . Literature data indicate that relevant structural changes of cellular organelles occur in the accessory sex glands involved in the secretory process in castrated animals, as has been observed in experimental diabetes (Cavazos, 1975) . Aumü ller and Seitz (1990) also demonstrated that castration induces degradation of biological membranes in the accessory sex glands, as characterized by dilatation of Golgi cisterns and GER atrophy, leading to a faulty secretory mechanism. In addition, experiments on castrated rodents have revealed nuclei with peripheral chromatin condensation in the secretory epithelial cells of accessory sex glands, a characteristic attributed to premature occurrence of cells in different stages of programmed cell death in response to androgen depletion (Kubo et al., 1998) . Thus, it may be concluded that experimental diabetes leads to important alterations in the biomembrane system of the organelles involved in the secretory process of the coagulation gland of mice, leading to a deficient secretory process and a consequent weakening of fertility. The similarities between the changes in the organelles of glandular cells observed in both diabetic and castrated animals indicate that the primary etiology of the deleterious effects of diabetic status is hormonal imbalance associated with changes in the hypothalamus-pituitary-gonadal axis. Although there was relative homogeneity in the morphological changes of the coagulation glands in both NOD and AD mice, these changes were found to be more marked in the NOD mice.
